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Description 

[0001] The present invention relates to a naethod for 
fixing lowers members to a support member according 
to the preamble of claim 1 . 5 
[0002] The terms "upper member" and "lower mem- 
ber" as used herein refer respectively to a member away 
from the support member and a member closer to the 
support member. 

[0003] For example, fluid control apparatus for use in io 
semiconductor manufacturing equipment are assem- 
bled by fixing a plurality of couplings (lower members) 
to a base plate (support member) and fixing a functional 
member (upper member) such as an on-off valve or 
massflow controller, as positioned on these couplings. 15 
to the couplings. 

[0004] For use in assembling the fluid control appara- 
tus, the base plate is formed with threaded bores, the 
couplings are each formed with insertion holes for In- 
serting therethrough coupling fixing bolts to be screwed 20 
into threaded bores of the base plate and with threaded 
bores for functional member attaching bolts, and the 
functional member is formed with insertion holes for the 
functional member attaching bolts. When the couplings 
are fixed to the base plate by the coupling member fixing 25 
bolts, the functional member attaching bolts can be 
readily screwed into the respective threaded bores of 
the couplings; with the joints between the functional 
member and the couplings sealed off. 
[0005] However, since play is provided inside the bolt 30 
insertion hole of the coupling around the coupling fixing 
bolt, the interval between the threaded bores of adjacent 
couplings is likely to vary by an amount corresponding 
to the play. The conventional method therefore has the 
problem that the bolt insertion holes of the functional 35 
member are not always in register with the con-esppnd- 
tng threaded bores of the couplings in installing the func- 
tional member on the couplings, presenting difficulty in 
attaching the functional member to the couplings. 
[0006] Furthermore, the fluid channel of the coupling 
will not be In alignment with the corresponding fluid 
channel of the functional member as specified, entailing 
the problem of impaired sealing. 
[0007] In order to avoid this problem US-A-4628-577, 
which constitutes the closest prior art, suggests to use 45 
a spacing jig formed on a bottom surface thereof with 
bores arranged side by side at a spacing equal to the 
predeterminded interval between the reference projec- 
tions of the lower members. 

[0008] An object of the present invention is to provide 50 
a method of the above mentioned kind allowing a more 
precise adjustment of the lower members with respect 
to the support member. 

[0009] According to the present invention this object 
is solved by the characterizing features of claim 1 . 55 

FIG. 1 is a front view showing a fluid control appa- 
ratus which is to be assembled by a lower member 



fixing method of the invention; 
FIG. 2 is an exploded perspective view partly in sec- 
tion and showing the same; 
FIG. 3 is an enlarged perspective view partly in sec- 
tion and showing a shutoff-opening device consti- 
tuting the fluid control apparatus; 
FIG. 4 is a perspective view showing couplings 
(lower members) included in the apparatus; 
FIG. 5 is a front view showing the couplings (lower 
members) and an on-off valve (upper member); 
FIG. 6 includes perspective views showing an ex- 
emplary procedure for fixing the lower members ac- 
cording to the invention; 

FIG. 7 is a plan view showing the final step of the 
procedure; 

FIG. 8 includes perspective views showing another 
example of a procedure for fixing the lower mem- 
bers according to the invention; 
FIG. 9 Is a perspective view showing a lower mem- 
ber fixing method, although not according to the in- 
vention; 

FIG. 10 is a bottom view of a spacing jig for use in 

this method; 

FIG. 11 is a front view partly broken away and show- 
ing the jig; and 

FIG. 12 is a plan view showing the final step of the 
same method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] Embodiments of the present invention will be 
described below with reference to the drawings. In the 
following description, the terms "left" and "right" refer re- 
spectively to the left- and right-hand sides of FIG. 1 , and 
the front side of the plane of the drawing will be referred 
to as "front." and the rear side thereof as "rear." 
[0011] FIGS. 1 to 3 show a fluid control apparatus 
which is assembled using the method of fixing lower 
members according to the invention. The fluid control 
apparatus 4 is adapted for use in semiconductor man- 
ufacturing equipment or the like and comprises a mass- 
flow controller 3, and shutoff-opening devices 1 . 2 at the 
left and right of the controller 3. 
[0012] The shutoff-opening device 1 at left comprises 
a first on-off valve 6 at left, a second on-off valve 7 at 
right and a first valve mount 28 having the two valves 6, 
7 mounted thereon. The first valve mount 28 comprises 
a plurality of couplings 30, 31 , 32, 33 as will be described 
later. Disposed at the left of the left shutoff-opening de- 
vice 1 is a first check valve 5. 

[001 3] The shutoff-opening device 2 at right compris- 
es a third on-off valve 8 disposed at left, a fourth on-off 
valve 9 disposed at an intermediate position, a fifth on- 
off valve 1 0 disposed at right and a second valve mount 
29 having these valve 8, 9, 10 mounted thereon. The 
second valve mount 29 comprises a plurality of cou- 
plings 34, 35, 36, 37. 38, 39 as will be described later. 
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Disposed at the right of the right shutoff-opening device 
2 is a second checl< valve 11 . 

[0014] The on-off valves 6, 7, 8, 9, 10 comprise re- 
spective main bodies 12. 14, 16. 18, 20 and respective 
actuators 13, 15. 17. 19, 21 mounted thereon from 
above for suitably opening and closing a channel 
through each valve main body. The main bodies 12, 14, 
16, 18, 20 of the on-off valves 6 to 10 are provided at 
their lower ends with flanges 12a, 14a, 16a, 18a, 20a, 
respectively, which are rectangular when seen from 
above. 

[0015] Each of the check valves 5, 11 comprises a left 
main body 22 (25) having an Inlet In its bottom face, a 
middle main body 23 (26) screwed to the main body 22 
(25) and a right main body 24 (27) having an outlet in 
Its bottom face and fastened with screws to the middle 
main body 23 (26), 

[001 6] The massflow controller 3 is formed on the left 
side of its lower end with a rectangular paralleiepipedal 
leftward extension 49 having an inlet in its bottom face^ 
and on the right side of its lower end with a rectangular 
paralleiepipedal rightward extension 50 having an outlet 
in its bottom face. 

[0017] The bottom faces of the valve main bodies 22, 
23, 24, 1 2, 14 at the left of the massflow controller 3 and 
the bottom face of the leftward extension 49 of the con- 
troller 3 are all flush with one another. The rightward ex- 
tension 50 of the controller 3 and the valve main bodies 
1 6, 1 8, 20, 25, 26, 27 have their bottom faces positioned 
all flush with one another, 

[0018] As shown on an enlarged scale In FIG. 3, the 
first check valve 5 has an inflow channel 77a and an 
outflow channel 77b which are opened downward. The 
first on-off valve 6 is a two-port valve. The main body 1 2 
of the valve 6 is formed in its bottom face with an inlet 
62 positioned approximately centrally thereof, and an 
outlet 63 positioned at right. The valve main body 12 is 
internally formed with an inflow channel 64 extending 
from the inlet 62 to a valve chamber 66, and an outflow 
channel 65 extending from the outlet 63 to the chamber 
66. The actuator 13 of the first on-off valve 6 serves to 
operate a valve element 67 in the form of a diaphragm. 
When operated, the actuator 1 3 opens or closes the in- 
flow channel 64 with the valve element 67. The second 
on-off valve 7 is a three-port valve. The main body 14 
of the valve 7 is formed in its bottom face with an Inlet 
68 at left, an outlet 69 at right and an Inlet-outlet subo- 
pening 70 positioned approximately in the center to 
serve as an inlet or outlet for other fluid. The valve main 
body 14 is internally formed with an inflow channel 71 
extending from the Inlet 68 to a valve chamber 74, a 
subchannel 73 extending from the subopening 70 to the 
chamber 74 and an outflow channel 72 extending from 
the outlet 69 to the chamber 74. The actuator 1 5 of the 
second on-off valve 7 serves to operate a valve element 
75 In the form of a diaphragm. When operated, the ac- 
tuator 15 opens or closes the subchannel 73 with the 
valve element 75. The inflow channel 71 extending to 
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the inlet 68 of the second on-off valve 7 is always in com- 
munication with the outflow channel 72 extending to the 
outlet 69 through the valve chamber 74. 
[0019] The inlet of left main body 22 of the first check 

5 valve 5 is provided with a purge gas supply coupling 80 
connected to a purge gas supply line and comprising a 
rectangular paralleiepipedal block 40 and an L-shaped 
channel member 41 held by the member 40. 
[0020] The outlet of right main body 24 of the first 

10 check valve 5 is held in communication with an inlet of 
main body 12 of the first on-off valve 6 by a first Inflow 
channel coupling 30 for Introducing a fluid into the left 
shutoff-opening device 1. The coupling 30 comprises 
two rectangular paralleiepipedal blocks 42, 44 and a U- 

^5 shaped communication channel member 46 held by 
these blocks 42, 44 and comprising two L-shaped chan- 
nel members 43, 45 which are joined to each other. 
[0021] Opposed to both the bottom face of rightward 
portion of main body 12 of the first on-off valve 6 and 

20 the bottom face of leftward portion of main body 14 of 
the second on-off valve 7 is a rectangular paralleiepi- 
pedal first communication channel block coupling 31 
having a V-shaped channel 31a for causing the outlet of 
the valve 6 to communicate with the Inlet of the valve 7. 

25 [0022] The main body 14 of the second on-off valve 7 
is provided at its inlet-outlet subopening with a first 
subchannel coupling 32 comprising a rectangular par- 
alleiepipedal block 47 and an l-shaped channel member 

48 and held by the block 47. Attached to the lower end 
30 of the coupling 32 is a known L-shaped coupling 78 con- 
nected to a process gas supply line. 

[0023] Disposed beneath both the rightward portion 
of main body 14 of the valve 7 and the leftward extension 

49 of the massflow controller 3 is a rectangular parallel- 
35 epipedal first outflow channel block coupling 33 having 

a V-shaped channel 33a for sending a fluid from the out- 
let of the valve 7 to the controller 3. 
[0024] Disposed beneath both the bottom face of 
rightward extension 50 of the massflow controller 3 and 
the bottom face of leftward portion of main body 16 of 
the third on-off valve 8 is a rectangular paralleiepipedal 
second inflow channel block coupling 34 having a V- 
shaped channel 34a for introducing a fluid from the con- 
troller 3 into the right shutoff-opening device 2. 

45 [0025] The main body 16 of the third on-off valve 8 
has an inlet-outlet subopening, which is provided with a 
second subchannel coupling 35 connected to an evac- 
uating line and comprising a rectangular paralleiepi- 
pedal block 51 and an L-shaped channel member 52 

50 and held by the block 51 . 

[0026] Disposed beneath both the bottom face of 
rightward portion of main body 16 of the third on-off 
valve 8 and the bottom face of leftward portion of main 
body 1 8 of the fourth on-off valve 9 is a rectangular par- 

55 ailelepipedal second communication channel block cou- 
pling 36 having a V-shaped channel 36a for causing an 
outlet of the valve 8 to communicate with an inlet of the 
valve 9. 
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[0027] The main body 18 of the fourth onoff valve 9 
has an inlet-outlet subopening, which is provided with a 
third subchannel coupling 37 connected to a process 
gas supply line and comprising a rectangular parallele- 
pipedal block 53 and an L-shaped channel menaber 54 5 
and held by the block 53. 

[0028] An outlet of main body 18 of the fourth on-off 
valve 9 is held in communication with an inlet of main 
body 20 of the fifth on-off valve 10 by a third communi- 
cation channel coupling 38, which comprises two rec- io 
tangular paralleleplpedal blocks 55, 57 and a U-shaped 
communication channel member 59 held by these 
blocks. The member 59 comprises two L-shaped chan- 
nel members 56, 58 joined to each other. 
[0029] Disposed beneath both the bottom face of 15 
rlghtward portion of main body 20 of the fifth on-off valve 
10 and the bottom face of left main body 25 of the sec- 
ond check valve 11 is a rectangular parallelepipedal 
second outflow channel block coupling 39 having a V- 
shaped channel 39a for causing an outlet of the valve 20 
10 to communicate with the Inlet of the valve 11. 
[0030] The outlet of right main body 27 of the second 
check valve 11 is provided with a purge gas discharge 
coupling 79 connected to a purge gas discharge line and 
comprising a rectangular parallelepipedal block 60 and 25 
an L-shaped channel member 61 held by the block 60. 
[0031] The first inflow channel coupling 30, first com- 
munication channel coupling 31, first subchannel cou- 
pling 32 and first outflow channel coupling 33 which are 
positioned at the left side of the controller 3 form the first 30 
valve mount 28 of the left shutoff-opening device 1 . The 
second inflow channel coupling 34, second subchannel 
coupling 35, second communication channel coupling 
36, third subchannel coupling 37, third communication 
channel coupling 38 and second outflow channel cou- 35 
pling 39 which are positioned at the right side of the con- 
troller 3 provide the valve mount 29 of the right shutoff- 
opening device 2. 

[0032] Thus, the left shutoff-opening device 1 has a 
purge gas channel through which a purge gas admitted 40 
through the check valve 5 is discharged to the massflow 
controller 3 via the first inflow channel coupling 30, the 
main body 12 of the first on-off valve 6. the first commu- 
nication channel coupling 31. the main body 14 of the 
second on-off valve 7 and the first outflow channel cou- 45 
pling 33; and a process gas channel through which a 
process gas admitted from the bottom face of the first 
subchannel coupling 32 is discharged via the coupling 
32, the main body 14 of the second on-off valve 7 and 
the first outflow channel coupling 33. The right shutoff- so 
opening device 2 has a purge gas channel through 
which the purge gas introduced via the controller 3 is 
discharged by way of the second inflow channel cou- 
pling 34, second communication channel coupling 36, 
third communication channel coupling 38 and second 55 
outflow channel coupling 39; a process gas channel 
through which the process gas admitted through the 
controller 3 is fed to a process chamber via the second 



inflow channel coupling 34, second communication 
channel coupling 36 and third subchannel coupling 37; 
and an evacuating channel for drawing off the gas from 
these purge gas and process gas channels via the sec- 
ond subchannel coupling 35. 

[0033] A seal 76 as shown in FIG. 3 is provided be- 
tween each of the valve main bodies 22. 23. 24, 12.14. 
16, 18, 20, 25, 26, 27 and at least one of the couplings 
80, 30. 31, 32. 33, 34. 35, 36, 37, 38, 39, 79 joined to 
the valve main body in butting contact. The check valves 
5, 11 and the on-off valves 6, 7. 8, 9, 10 are each fas- 
tened to at least one of the couplings 80, 30, 31 , 32. 33. 
34. 35. 36, 37. 38, 39, 79 opposed thereto with bolts 1 1 3 
screwed into the main body 22. 23. 24. 12. 14, 16. 18. 
20, 25, 26 or 27 from above (see FIG. 3). The check 
valves 5. 11 and the on-off valves 6 to 10 can be re- 
moved upward by removing these bolts 113, In con- 
struction, the second check valve 11 is identical with the 
first check valve 5, the fifth on-off valve 10 with the first 
on-off valve 6, and the third and fourth on-off valves 8, 
9 with the second on-off valve 7. 
[0034] With the fluid control apparatus 4 having the 
foregoing construction, the process gas is admitted into 
the first subchannel coupling 32 of the left shutoff-open- 
ing device 1 , with the first on-off valve 6 closed, the sec- 
ond on-off valve 7 held open, the third on-off valve 8 
closed, the fourth on-off valve 9 held open and the fifth 
on-off valve 10 closed, whereupon the process gas 
flows through the main body 14 of the second on-off 
valve 7 and the first outflow channel coupling 33 into the 
massflow controller 3, wherein the gas has its flow rate 
regulated. The gas is then admitted into the right shutoff- 
opening device 2, thereafter flows through the second 
Inflow channel coupling 34, the main body 16 of the third 
on-off valve 8, the second communication channel cou- 
pling 36, the main body 18 of the fourth on-off valve 9 
and the third subchannel coupling 37 and is sent into 
the process chamber. When the purge gas is thereafter 
admitted into the first check valve 5, with the first on-off 
valve 6 held open, the second on-off valve 7 closed, the 
third on-off valve 8 closed, the fourth on-off valve 9 
closed and the fifth on-off valve 1 0 held open, the purge 
gas flows through the first Inflow channel coupling 30. 
the main body 12 of the first on-off valve 6. the first com- 
munication channel coupling 31, the main body 14 of 
the second on-off valve 7 and the first outflow channel 
coupling 33, reaches the massflow controller 3, further 
flows through the second Inflow channel coupling 34, 
the main body 16 of the third on-off valve 8, the second 
communication channel coupling 36, the main body 18 
of the fourth on-off valve 9. the third communication 
channel coupling 38, the main body 20 of the fifth on-off 
valve 10, second outflow channel coupling 39 and the 
second check valve 11, and is discharged. At this time, 
the purge gas drives out with its own pressure the proc- 
ess gas remaining in the main body 14 of the second 
on-off valve 7, first outflow channel coupling 33, second 
Inflow channel coupling 34 and second communication 
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channel coupling 36, with the result that purge gas only 
flows through the apparatus in a short period of time. 
[0035] With the shutoff-opening devices 1 , 2, the first 
inflow channel coupling 30 and the third communication 
channel coupling 38 are common members, the first 5 
communication channel coupling 31, first outflow chan- 
nel coupling 33, second Inflow channel coupling 34, sec- 
ond communication channel coupling 36 and second 
outflow channel coupling 39 are common members, and 
subchannel couplings 32, 35, 37 are also common io 
members. In other words, the right shutoff-opening de- 
vice 2 is available only by adding one three-port on-off 
valve to the left shutoff-opening device 1 and adding to 
the valve mount 28 thereof the same members as the 
first communication channel coupling 31 and the first i5 
subchannel coupling 32. When the on-off valve to be 
added is a two-port valve, the fourth on-off valve 9 of the 
right shutoff-opening device 2 is replaced by a two-port 
valve, with the third subchannel coupling 37 removed 
from the mount 29. Thus, the left and right shutoff-open- 20 
ing devices 1 and 2 are amenable to various modifica- 
tions. 

[0036] With the embodiment shown in FIG. 1 . the left 
shutoff-opening device 1 has two on-off valves 6, 7, 
while the right shutoff-opening device 2 has three on-off 25 
valves 8, 9, 10, whereas the number of on-off valves is 
variable suitably. Two shutoff-opening devices each 
having a suitable number of on-off valves are arranged 
respectively at the left and right sides of a massflow con- 
troller, and such arrangements are further arranged in 30 
parallel to provide a fluid control apparatus for use in 
semiconductor manufacturing equipment. 
[0037] The fluid control apparatus is installed by 
mounting the couplings 80, 30, 31, 32, 33. 34, 35. 36. 
37, 38, 39, 79 on a base plate 108 with coupling fixing 35 
bolts 110, attaching fluid controllers, such as check 
valves 5, 11, on-off valves 6, 7, 8, 9, 10 and massflow 
controller 3, to the couplings 80. 30 to 39, 79 with fixing 
bolts 113 so as to connect these couplings, and fixing 
the base plate 108 in position. 40 
[0038] The fluid control apparatus are assembled by 
the procedures to be described below with reference to 
FIGS. 4 to 12. 

[0039] FIG. 4 shows the two block couplings 31, 33 
and the subchannel coupling 32 interposed therebe- ^5 
tween. With reference to the drawing, each of the block 
couplings 31, 33 is formed in its upper surface with two 
channel openings 114 at opposite ends of the V-shaped 
channel 31a (33a) which are arranged side by side, and 
with a pair of threaded bores 1 06 at the respective front 50 
and rear sides of each channel opening 114 for attach- 
ing the on-off valve 7. Each of the block couplings 31, 
33 is further formed with two bolt insertion holes 1 07 for 
passing therethrough bolts for fixing the block coupling 
31 (33) to the base plate 108. The insertion holes 107 55 
are provided respectively at a position surrounded by 
the channel openings 114 and the front threaded bores 
106, and at a position sun-ounded by the channel open- 



ings 1 1 4 and the rear threaded bores 1 06. The subchan- 
nel coupling 32 is formed in Its upper surface with the 
opening 114 of a subchannel, and a pair of threaded 
bores 1 06 at the respective front and rear sides of the 
channel opening 114 for attaching the valve 7. The cou- 
pling 32 further has a bolt insertion hole 1 07 for inserting 
therethrough the bolt 110 for fixing the coupling 32 to 
the base plate 108. The insertion hole 107 is singly 
formed between the channel opening 114 and the front 
threaded bore 106. The front threaded bores 106 of the 
couplings 31, 32, 33 are aligned along the left-to-rlght 
direction. This is also true of each group of the other 
holes, openings and bores, i.e.. the front insertion holes 
107, openings 114, rear insertion holes 107 and rear 
threaded bores 106. In each pair of immediately adja- 
cent couplings 31, 32, 33, threaded bores 106 are ar- 
ranged at the respective corners of a rectangle. A small 
clearance is formed between the couplings 31, 32, 33 
so that the couplings are movable when to be installed. 
[0040] As shown in FIG. 5, the couplings 31, 32, 33 
are fastened to the base plate 1 08 which are formed with 
threaded bores 109 with coupling fixing bolts 110, and 
the on-off valve 7 is thereafter attached to the couplings 
31, 32, 33 so as to connect the couplings together. 
[0041] With reference to FIG. 5, the bolt Insertion hole 

107 of each of the couplings 31 to 33 comprises a large- 
diameter portion 107a having a greater diameter than 
the head 110a of the coupling fixing bolt 110. and a 
small-diameter portion 1 07b having a diameter interme- 
diate between the diameter of the bolt head 110a and 
the diameter of the shank 110b of the bolt. Fitted in the 
small-diameter portion 107b of the insertion hole 107 is 
a cylindrical spacer 1 1 1 having an upper end positioned 
in the large-diameter portion 1 07a and a lower end bear- 
ing on the base plate 1 08. The spacer 111 has an inside 
diameter larger than the diameter of the bolt shank 1 1 0b 
and an outside diameter smaller than the diameter of 
the bolt head 110a. The bolt shank 110b is fitted in the 
spacer 111, and the bolt head 110a bears on the upper 
end face of the spacer 111. The spacer 111 determines 
the amount of tightening of the bolt 110. As the bolt 110 
inserted through the insertion hole 107 is screwed into 
the threaded bore 1 09 of the base plate 1 08, the spacer 
111 bearing on the base plate 108 props the head 110a, 
preventing further tightening. Fitted around the upper 
end of the spacer 111 is an annular rubber washer 112 
having an outside diameter approximately equal to the 
diameter of the bolt head 110a. The rubber washer 112 
is held between the bolt head 110a and the stepped por- 
tion 107c of the insertion hole 107. The vertical length 
of the rubber washer 1 1 2 is so determined that the wash- 
er 112 is subjected to a compressive force when the bolt 
110 Is tightened up as shown in FIG. 5. Accordingly, the 
couplings 31, 32. 33 are biased toward the base plate 

108 by the rubber washers 112 used. The rubber wash- 
ers 112 have elasticity and can therefore be further de- 
formed by compression, rendering the couplings 31 , 32. 
33 movable away from the base plate 108. Consequent- 
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ly, as the onnDff valve 7 is fastened to the couplings 31 . 
32, 33 by the bolts 110 even if the couplings 31 to 33 
are not flush with one anther at their upper surfaces, the 
couplings 31 to 33 are brought clo^se to the valve 7. This 
renders the bolts 110 easy to tighten up, whereby at! the 
seals 76 can be subjected to a proper pressure to assure 
sealing. 

[0042] To mal<e the coupling fixing bolt 110 readily fit- 
table in the threaded bore 109 of the base plate 108, 
play Is provided between the bolt 110 and the spacer 
111. When the play is, for example, 0.5 mm, the spacing 
between the two of the couplings 31 , 32, 33 differs by 1 
mm when they are positioned closest and when they are 
remotest. When the valve 7 is positioned over and at- 
tached to the couplings 31 to 33, this difference entails 
the likelihood that the channel openings of the valve 7 
will not be aligned with the corresponding channel open- 
ings of the couplings 31 to 33 to result in impaired seal- 
ing, 

[0043] A description will be given of a method of fixing 
couplings (lower members) without producing such a 
difference by using spacing jigs 81. 91, 121 and right 
angle holding jigs 84, 94. 

[0044] With reference to FIG. 6, the spacing jig 81 has 
a rectangular paralleleplpedal body 81 a formed on Its 
bottom surface with three projections 82 arranged side 
by side, and a handle 83 in the form of a rod and pro- 
vided on the upper surface of the body 81a. The projec- 
tions 82 are fittable respectively to the right threaded 
bore 1 06 of the left block coupling 31 , the threaded bore 
1 06 of the subchannel coupling 32 and the left threaded 
bore 106 of the right block coupling 33, and are arranged 
at a spacing equal to a predetermined interval between 
the bores 1 06 of the adjacent couplings 31 , 32, 33. The 
right angle holding jig 84 is In the form of a square frame 
having an inside measurement equal to the left-to-right 
length of the body 81a of the spacing jig 81 . The inside 
measurement is equal to the Interval between the front 
and rear threaded bores 1 06 plus the front-to-rear length 
of the body 81a of the spacing jig 81. The right angle 
holding jig 84 is Internally so contoured as to accommo- 
date therein the bodies 81a of two spacing jigs 81 having 
their projections 32 fitted to the con-esponding threaded 
bores 106. 

[0045] To fasten the couplings 31 to 33 to the base 

plate 1 08, the coupling fixing bolt 1 1 0 is Inserted through 
each of the bolt insertion holes 107 of each of the cou- 
plings 31 to 33 along with the spacer 111 and rubber 
washer 112 and screwed slightly into the corresponding 
threaded bore 109 of the base plate 108 to temporarily 
hold the coupling to the base 1 08 to such an extent as 
not to permit the removal thereof. Next, the spacing jig 
81 is used to fit the projections 82 thereof to the respec- 
tive rear threaded bores 106,of the couplings 31 to 33 
[see FIG. 6, (a)]. Another spacing jig 81 is then used to 
fit the projections 82 thereof to the respective front 
threaded bores 106 of the couplings 31 to 33 [see FIG. 
6, (b)], whereby the Interval between the threaded bores 



10 

109 of the couplings 31 to 33 is made to match the pre- 
determined value. However, if the threaded bores 109 
of the couplings 31 to 33 are merely spaced apart by the 
predetermined interval, the couplings 31 to 33 will move 
5 forward or rearward, with the likelihood that a line 
through the centers of the bores 106 arranged from left 
rightward will not make a right angle with a line through 
the centers of the front and rear bores 106. To obviate 
this angular deviation, the right angle holding jig 84 in 

10 the form of a square frame is subsequently fitted around 
the bodies 81a of the two spacing jigs 81 [see FIG. 6, 
(c) and (d)], whereby the left and right end faces of the 
bodies 81a of the spacing jigs 81 are brought Into con- 
tact with the respective left and right inner faces of the 

15 jig 84, permitting the line through the centers of the 
bores 106 arranged from left rightward to make aright 
angle with the line through the centers of the front and 
rear bores 106. In this state, the hexagonal socket 110c 
of each fixing bolt 110 is left exposed without being con- 

20 cealed by the spacing jig 81 and the right angle holding 
jig 84 as seen in FIG. 7. permitting the bolt 110 to be 
tightened by a wrench. Accordingly, each bolt 110 is 
tightened up with the wrench for full tightening. The jigs 
81 , 84 are removable upward. In this way, the three cou- 

25 pllngs 31 to 33 are fastened as spaced apart by the pre- 
determined interval to the base plate 108. When the on- 
off valve 7 is attached to the couplings 31 to 33, the 
channel openings of the valve 7 are aligned with the cor- 
responding channel openings 114 of the couplings 31 

30 to 33 reliably as specified, thus eliminating the problem 
of Impaired sealing. 

[0046] The components can be assembled with the 
same advantage using the spacing jig 91 shown In FIG. 
8 and having two projections 92 instead of the spacing 

35 jig 81 having three projections 82 and shown In FIGS. 
6 and 7. With reference to FIG. 8, the spacing jig 91 has 
a rectangular paralleleplpedal body 91a formed on its 
bottom surface with two projections 92 arranged side by 
side, and a handle 93 in the form of a rod and provided 

40 on the upper surface of the body 91a. The projections 
92 are arranged at a spacing equal to the predetermined 
inverval between the bores 106 of the adjacent cou- 
plings 31, 32, 33. The jig 91 has a left-to-right length 
which Is shorter than the jig 81 by an amount corre- 

45 sponding to the difference in the number of projections. 
Accordingly, the right angle holding jig 94 is in the form 
of a rectangular frame having a shorter left-to-right 
length. 

[0047] To use these jigs 91 , 94, the left block coupling 
50 31 and the subchannel coupling 32 are first fastened to 
the base plate 108. The coupling fixing bolt 110 is Insert- 
ed through each of the bolt insertion holes 107 of each 
of the couplings 31, 32 along with the spacer 111 and 
rubber washer 112 and screwed slightly into the corre- 
55 sponding threaded bore 109 of the base plate 108 to 
temporarily hold the coupling to the base 108 to such 
an extent as not to permit the removal thereof. Next, the 
spacing jig 91 Is used to fit the projections 92 thereof to 
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the respective rear threaded bores 106 of the couplings 
31, 32 [see FIG. 8. (a)]. Another spacing jig 91 is then 
used to fit the projections 92 thereof to the respective 
front threaded bores 106 of the couplings 31. 32 [see 
FIG. 8, (b)]. The right angle holding jig 94 in the form of 5 
a rectangular frame is subsequently fitted around the 
bodies 91a of the two spacing jigs 91 [see FIG. 8, (c) 
and (d)], whereby the interval between the threaded 
bores 109 of the couplings 31 , 32 is made to match the 
predetermined value, permitting a line through the cent- io 
ers of the bores 106 arranged side by side to make a 
right angle with a line through the centers of the front 
and rear bores 106. In this state, each coupling fixing 
bolt 110 is tightened up with the wrench for full tighten- 
ing. Next, the coupling fixing bolt 11 0 is inserted through 
each of the bolt Insertion holes 107 of the right block 
coupling 33 along with the spacer 111 and rubber wash- 
er 112 and screwed slightly into the corresponding 
threaded bore 109 of the base plate 108 to temporarily 
hold the coupling to the base 108 to such an extent as 20 
not to permit the removal thereof. The spacing jig 91 is 
used to fit the projections 92 thereof to the respective 
rear threaded bores 106 of the subchannel coupling 32 
and the block coupling 33. Through the same steps as 
shown in FIG. 8, (a), (b), (c) and (d), the right block cou- 25 
pling 33 can be fastened to the base plate 108 so that 
the interval between the threaded bores 1 09 of the cou- 
pling 32. 33 is made to match the predetermined value, 
permitting a line through the centers of the bores 106 
arranged side by side to make a right angle with a line 30 
through the centers of the front and rear bores 106. 
When the adjacent couplings are different in left-to-right 
length, namely when the block couplings 31, 33 are to 
be connected to each other, or when the block couplings 

31, 33 are to be connected to the subchannel coupling 35 

32, the same jig 91 having two projections 82 and jig 94 
are usable for fixing the couplings 31 , 32, 33 in position. 
[0048] FIGS. 9 to 1 2 are not presented as an embod- 
iment of the invention, but as examples which are useful 

for understanding the invention. They show a method of 40 
fixing the left and right block couplings (lovyer members) 

33, 34 spaced apart by about 100 mm and to be inter- 
connected by the massflow controller 3. This method us- 
es only one spacing jig 121 . 

[0049] The left and right block couplings 33, 34 have 45 
channel openings 114 at the opposite ends of the re- 
spective V-shaped channels 33a, 34a, threaded bores 
106 for attaching the massflow controller 3 to these cou- 
plings 33, 34, and bolt insertion holes 107 for inserting 
therethrough coupling fixing bolts 110 for fixing the cou- so 
pllngs 33, 34 to the base plate 108, The spacing jig 121 
is in the form of a rectangular plate and is formed on the 
bottom surface thereof with a projection 122 fittable in 
the channel opening 114 of the left coupling 33 and a 
projection 122 fittable in the channel opening 114 of the 55 
right coupling 34. The spacing between the projections 
122 is made equal to a predetermined interval between 
the adjacent openings 114 of the two couplings 33, 34. 



The jig 121 is formed at its four corners with holes 123 
positionable in register with the respective right thread- 
ed bores 106 of the left coupling 33 and holes 123 po- 
sitionable in register with the left threaded bores 106. of 
the right coupling 34 when the jig 1 21 is fitted to the two 
couplings 33, 34. Formed in opposite left and right ends 
of the jig 1 21 are semicircular cutouts 1 24 so that the jig 
121 will not close the bolt insertion holes 107 of the cou- 
plings 33, 34 when fitted to the couplings 33. 34. 
[0050] To fix the couplings 33, 34 in position using the 
spacing jig 121, the coupling fixing bolt 110 is insened 
through each of the bolt insertion holes 107 of each of 
the couplings 33, 34 along with the spacer 111 and rub- 
ber washer 112 and screwed slightly into the corre- 
sponding threaded bore 109 of the base plate 108 to 
temporarily hold the coupling to the base 108 to such 
an extent as not to permit the removal thereof. Next, the 
spacing jig 121 is used to fit the projections 122 thereof 
to the respective adjacent channel openings 114 of the 
coupling 33, 34, whereby the channel openings 114 of 
the two couplings 33, 34 are held spaced apart, with the 
hexagonal socket 110c of each bolt 110 left exposed as 
seen in FIG. 12. In this state, the massflow controller 3 
is fixed in place with bolts 113, and the coupling fixing 
bolts 110 are tightened up with a wrench for full tighten- 
ing. 

[0051] The method described will not ensure that a 
line through the centers of the threaded bores 106 as 

arranged side by side is perpendicular to a line through 
the centers of the front and rear threaded bores 1 06, but 
is capable of fixing the couplings 33. 34 in position with 
the channel openings 114 thereof held spaced apart ac- 
curately This feature Is important for sealing. The meth- 
od described is useful not only for fixing the left and right 
block couplings 33, 34, but also for fixing the couplings 
31, 32, 33 shown in FIG. 4. The projections 122 on the 
spacing jig 121. although corresponding to the channel 
openings 114. may alternatively be made to correspond 
to the threaded bores 1 06 of the couplings 33, 34. More 
specifically, downward projections may be formed at the 
locations where the holes 123 are formed. This assures 
that a line through the centers of the threaded bores 1 06 
as arranged side by side will be at a right angle with a 
line through the centers of the front and rear bores 1 06. 



Claims 

1. Method for fixing lower members (31, 32, 33) to a 
support member (108) by screw members (110), 
each of the lower members (31, 32, 33) being 
formed in each of the front and rear portions of an 
upper surface thereof with at least one bore (106) 
serving as a reference for attaching an upper mem- 
ber (7), wherein at least two lower members (31, 
32. 33) are arranged, so that the reference bores 
thereof are arranged side by side as spaced apart 
by a predetermined interval by using a spacing jig 
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(81, 91) formed on a bottom surface thereof with 
projections (82, 92) arranged side by side at a spac- 
ing equal to the predetermined interval between the 
reference bores (106), and the lower members (31 , 
32, 33) are fixed by tightening up screw members 5 
(110) with the projections (82, 92) of the spacing jig 
(81, 91) fitted in the respective reference bores 
(1 06) of the lower members (31-33), characterized 
in that two spacing jigs (81, 91) are used which 
comprise an approximately rectangular parallelepi- 
pedal body (81a, 91a), and adjustment is made by 
fitting a right angle holding jig (84, 94) around the 
bodies (81a, 91a)of the two spacing jigs (81, 91), 
the right angle holding jig (84, 94) being in the form 
of a rectangular frame and having inner side faces 
positionable respectively in contact with a front side 
face of the first spacing jig (81,91) and left and right 
side faces of the two spacing jigs (81 , 91 ). 



Patentanspruche 

1. Verfahren zur Befestigung von unteren Elementen 
(31, 32, 33) an einem Tragerelement (108) durch 
Schraubenelemente (110), wobei jedes der unteren 25 
Elemente (31, 32, 33) an jedem der vorderen und 
hinteren Bereiche seiner Oberseite mit mindestens 
einer Bohrung (106) versehen ist, die als Bezug 
zum Anbringen eines oberen Elements (7) dient, 
bei dem mindestens zwei untere Elemente (31 , 32, 
33) so angeordnet werden, daft ihre Bezugsbohrun- 
gen Seite an Seite und durch ein vorbestimmtes In- 
tervall voneinander beabstandet angeordnet sind, 
Indem eine Abstandhaltevorrichtung (81, 91) ver- 
wendet wird, die an ihrer Unterseite mit Vorsprun- 35 
gen (82, 92) versehen Ist, die Seite an Seite mit ei- 
nem Abstand, der dem vorbestimmten Intervall zwi- 
schen den Bezugsbohrungen (106) entspricht, an- 
geordnet sind, und die unteren Elemente (31, 32, 
33) durch das Festziehen der Schraubenelemente 40 
(110) befestigt werden, wahrend die Vorsprunge 
(82, 92) der Abstandhaltevorrichtungen (81, 91) in 
die jeweiligen Bezugsbohrungen (106) der unteren 
Elemente (31 , 32, 33) eingesetzt sind, dadurch ge- 
kennzelchnet; daB zwei Abstandhaltevorrichtun- ^5 
gen (81, 91) verwendet werden, welche einen na- 
herungsweise rechteckigen parallelepipedalen 
Korper (81a. 91a) besitzen, und die Einstellung er- 
folgt, indem eine Rechter-Winkel-Haltevorrichtung 
(84, 94) um die Korper (81a, 91a) der beiden Ab- 50 
standhaltevorrichtungen (81,91) gelegt wird, wobei 
die Rechter-Winkel-Haltevorrichtung (84, 94) die 
Form eines rechteckigen Rahmens hat und innere 
SeitenfiSchen besitzt, diejeweils in Kontakt mit der 
vorderseitigen Flache der ersten Abstandhaltevor- 55 
richtung (81, 91) und den linken und rechten Sei- 
tenflSchen der beiden Abstandhaltevorrichtungen 
(81, 91) positionierbar sind. 



Revendlcations 

1 . Procede pour fixer des elements infeheurs (31 , 32. 
33) a un element de support (1 08) par des elements 
de vissage (110), chacun des elements infeheurs 
(31 , 32, 33) etant formes dans chacune des parties 
avant et an*iere d'une surface superleure dudit ele- 
ment de support avec au moins un alesage (106) 
servant de reference pour fixer un element (7) su- 
perieur, ou au moins deux elements inferieurs (31, 
32, 33) sont disposes de maniere a ce que les ale- 
sages de reference des elements inferieurs se trou- 
vent disposes c6te ^ c6te et espaces par un inter- 
valle predetermine en utilisant un dispositif d'espa- 
cement (81,91) forme sur une surface de fond des- 
dits elements 1 n-f6rieurs avec des saillies (82, 92) 
disposees cote a cote selon un espacement egal a 
rintervalle predetermine entre les alesages de re- 
ference (106) et les elements inferieurs (110) avec 
les saillies (82, 92) du dispositif d'espacement (81, 
91) inserees dans les alesages de reference (106) 
respectifs des elements inferieurs (31 , 33), c a-rac- 
t^rise en ce que deux dispositifs d'espacement (81 , 
91) sont utilises qui co m-prennent un corps (81a. 
91 a) parallelepipedique approximativement rec- 
tangulaire et on effectue un ajustement en inserant 
un dispositif (84, 94) de maintien d'angle droit 
autour des corps (81a. 91a) des deux dispositifs 
d'espacement (81, 91); le dispositif de maintien 
d'angle droit (84, 94) ayant la forme d'un cadre rec- 
tangulaire et ayant des c6tes lateraux interieurs 
susceptibles d'etre positionnes, respectivement en 
CO n-tact avec un cote lateral avant du premier dis- 
positif d'espacement (81. 91) et des cotes lateraux 
gauches et droits des deux dispositifs d'espace- 
ment (81, 91). 
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FIG. 6 
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